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interviews, achievement tests and think aloud protocols. There is, however, limited research on the use of 
quantitative measures to promote findings from interviews and think aloud procedures. This study aimed 
to investigate the effects of signaling principle on learning by supporting the results with the eye 
movement data. Participants included 34 Information and Communication Technology (ICT) pre-service 
teachers divided into experimental and control groups randomly. Participants were presented with two 
types of MS Power Point presentations with and without highlighted clues as multimedia material. 
Participants’ pre-test, post-test, and retention test scores were measured. Participants’ gaze behavior 
(fixation duration, fixation counts and time to first fixation) during the presentation of instructional 
material was also recorded. The results revealed that while the experimental group had higher scores 
than control group in the post- and retention tests, there was no significant difference between the two 
groups. The analysis of eye movement data showed that signaling directed the attention of the students 
on relevant information and decreased students’ cognitive effort. Results revealed that both eye 
movement data and achievement scores were consistent with each other. 
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How Signaling Principle Affects Learning: An Eye Tracking 
Study 
   
Sinyal İlkesinin Öğrenme Üzerindeki Etkileri: Bir Göz 
Hareketleri İzleme Çalışması 
 
Mehmet DÖNMEZ*, Sibel DOĞAN**, Evrim BARAN*** 
 
 
Abstract: Studies examining the effects of signaling principle on learning mostly used data sources such 
as interviews, achievement tests and think aloud protocols. There is, however, limited research on the use 
of quantitative measures to promote findings from interviews and think aloud procedures. This study aimed 
to investigate the effects of signaling principle on learning by supporting the results with the eye movement 
data. Participants included 34 Information and Communication Technology (ICT) pre-service teachers 
divided into experimental and control groups randomly. Participants were presented with two types of MS 
Power Point presentations with and without highlighted clues as multimedia material. Participants’ pre-test, 
post-test, and retention test scores were measured. Participants’ gaze behavior (fixation duration, fixation 
counts and time to first fixation) during the presentation of instructional material was also recorded. The 
results revealed that while the experimental group had higher scores than control group in the post- and 
retention tests, there was no significant difference between the two groups. The analysis of eye movement 
data showed that signaling directed the attention of the students on relevant information and decreased 
students’ cognitive effort. Results revealed that both eye movement data and achievement scores were 
consistent with each other. 
Keywords: Multimedia learning, signaling principle, highlighting, eye tracking method 
 
Öz: Sinyal ilkesinin öğrenme üzerindeki etkisini araştıran çalışmalarda, genel olarak görüşme, başarı 
testleri ve sesli düşünme yöntemleri kullanılmaktadır. Ancak, bu çalışmalarda nitel verileri destekleyecek 
nicel veriler kısıtlıdır. Bu çalışmanın amacı, sinyal ilkesinin öğrenme üzerindeki etkisini göz hareketi 
verileriyle destekleyerek incelemektedir. Çalışmada, Bilgisayar ve Öğretim Teknolojileri Eğitimi (BÖTE) 
bölümünden 34 öğrenci katılımcı olarak yer almıştır ve katılımcılar kontrol ve deney grubuna rasgele 
atanmıştır. Deney grubuna katılan öğrencilere önemli noktalar üzerinde vurgulamalar yapılarak sinyal ilkesi 
uygulanmış MS Power Point sunuları gösterilirken kontrol grubuna aynı sunuların üzerinde vurgulamalar 
yapılmamış hali gösterilmiştir. Veri toplama aşamasında katılımcılara ön test, son test ve hatırlama testi 
uygulanmıştır. Ayrıca, çalışma sırasında katılımcıların göz hareketleri verileri (sabitleme süresi, sabitleme 
sayısı ve ilk sabitleme süresi) kaydedilmiştir. Çalışma sonuçları incelendiğinde, deney grubundaki 
öğrencilerin son test ve hatırlama testi sonuçlarına göre kontrol grubundaki öğrencilerden daha yüksek 
puanlar aldıkları tespit edilmiştir ama iki grup arasında anlamlı bir farklılık bulunamamıştır. Göz izleme 
verilerinin analizine göre ise, sinyal ilkesi kullanımı öğrencilerin dikkatini ilgili kelimelere yöneltmiş ve 
bilişsel yükünü azaltmıştır. Dahası, başarı test sonuçlarından ve göz izleme verilerinden elde edilen bulgular 
birbiriyle tutarlı sonuçlar ortaya koymuşlardır. 
Anahtar Kelimeler: Çoklu ortam öğrenme kuramı, sinyal ilkesi, vurgulama, göz hareketleri izleme yöntemi 
 
Introduction 
The advances in ICTs and learning sciences enhanced the design of traditional learning materials 
(e.g., printed books) with varied forms of multimedia elements such as pictures, animations, 
videos, sounds, etc. However, to organize these elements in a multimedia learning material, 
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enhance learning, and decrease cognitive load at the same time, researchers investigated several 
design patterns. Mayer’s Cognitive Theory of Multimedia Learning (CTML) provided principles 
to design multimedia learning materials (Mayer, 2013). Research revealed positive effects of 
multimedia learning principles on learning (Mousavi, Low & Sweller, 1995; Owens & Sweller, 
2008; Scheiter & Eitel, 2010). Most of these studies used traditional data collection tools (e.g., 
interviews, think aloud) to explain the cognitive processes associated with learning with 
multimedia. Recently, researchers used eye tracking as a method to gather data regarding 
quantitative measures such as fixation duration, fixation counts and time to first fixation to 
promote qualitative data obtained from the interviews and think aloud procedures. In many  
learning studies, interviews which were based on think-aloud procedures were widely used as for 
data collection tools to explain cognitive processes during learning (Ariasi & Mason, 2011; Soruç, 
2015). According to Amadieu, Mariné and Laimay (2011), these studies can be supported by 
using eye tracking technique in order to provide objective eye movement data such fixation 
duration and fixation counts. 
  
Multimedia Learning and Cognitive Load Theory (CLT) 
With the enhancements in ICTs, the traditional teaching methods started to incorporate visual 
elements such as charts, videos, animations, photos and illustrations (Mayer, 2013). Multimedia 
learning can be asserted as learning deeply from words and pictures instead of words alone 
(Mayer, 2005b). Multimedia principle constructs the basis of multimedia learning (Mayer, 
2005a). For example, studies revealed that learners studying text with visual elements showed 
better performances than the ones who studied text alone (Anglin, Vaez & Cunningham, 2004; 
Fletcher & Tobias, 2005; Vekiri, 2002). However, putting words and pictures together does not 
guarantee and enhance meaningful learning. According to Mayer (2005a), understanding how to 
use words and pictures together is crucial to provide ways to maximize learning effectiveness 
(Mayer & Moreno, 2008; Sorden, 2012). Mayer’s (1997) CTML is an interdisciplinary 
explanation to support maximizing effectiveness of learning. 
CTML emphasizes three kinds of processing: Extraneous, essential and generative 
processing. These processes are similar to what is proposed in Cognitive Load Theory (CLT) 
(Sweller, Ayres & Kalyuga, 2011). The explained types of processing imply three instructional 
design goals such as managing essential processing, fostering, generative processing and reducing 
extraneous processing (Mayer, 2013). For conducting the latter instructional goal, there are five 
multimedia principles including coherence, redundancy, contiguity, temporal contiguity, and 
signaling (Mayer, 2008). All these principles are important to reduce extraneous processing. 
However, the current study focused on investigating the signaling principle.  
 Moreno (2007) explained signaling principle as learning better from a coherent summary 
highlighting relevant words and pictures than from a longer version. In addition, Mautone and 
Mayer (2001) defined signaling as presenting cues to learners in an effective way to process the 
instructional material (Mayer, 2013). Many studies showed that providing highlighted words or 
cues resulted in better performances by directing learners’ attention to the important parts of the 
instructional material (Doolittle & Altstaedter, 2009; Jeung, Chandler & Sweller, 1997; Mautone 
& Mayer, 2001; Moreno, 2007). Signaling principle can help students to focus on important points 
in a multimedia material and decrease their cognitive load. Research that examined the effects of 
signaling principle on learning by reducing cognitive load mostly used measures such as 
interview, think-aloud or learning outcomes to provide information about cognitive processes 
(Techaraungrong, Suksakulchai, Kaewprapan & Murphy, 2017). With the advancements of eye 
tracking measures, recently, researchers suggested the use of direct measures such as eye 
movement data with fixation counts and fixation duration to explain cognitive processes related 
to learning and cognitive load (Henderson, Brockmole, Castelhano & Mack, 2007). In other 
words, eye movement data can support qualitative findings such as interview and think aloud by 
providing more direct measures. 
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Eye tracking research in multimedia design  
Eye tracking is a technique that provides objective measures of learners’ real-time cognitive 
processes (Lai et al., 2013; Paas, Tuovinen, Tabbers & Van Gerven, 2010; van Gog & Scheiter, 
2010). There are many parameters such as fixation counts, fixation duration and time to first 
fixation to interpret the eye movement data. Fixation count indicates how many times the user 
fixates on the specific area while fixation duration measures the duration of each individual 
fixation on the specific area. For example, fixation duration can be indicator of difficulty or 
cognitive complexity of task (Henderson et al., 2007; Raney, Campbell & Bovee, 2014). 
Moreover, the study conducted by Hannus and Hyönä (1999) indicated that there is positive 
correlation between total fixation time of participants on relevant information and their 
performances. Besides, time to first fixation indicates how long it takes before participant fixates 
on relevant area for the first time. Time to first fixation parameter for relevant information can be 
used to measure the efficiency of visual search for it (Hyönä, 2010). 
Research presented different interprations of fixation duration and fixation counts in 
multimedia design. For example, some studies revealed that participants investing less mental 
effort can have longer fixation duration during the task (Amadieu, van Gog, Paas, Tricot & 
Mariné, 2009; van Gog, Paas & Van Merriënboer, 2005). However, other studies showed that 
total fixation duration was longer in non-cueing group rather than cueing group because students 
spent more effort to understand the material (van Gog, Kester, Nievelstein, Giesbers & Paas, 
2009). Fixation duration and fixation counts parameters interpreted differently in eye tracking 
studies conducted in multimedia learning principles, particularly with the investigation of the 
signaling principle. For example, some studies showed that total fixation duration on relevant 
information was significantly longer for cueing group than non-cueing group. (Amadieu et al., 
2011; Boucheix, Lowe, Putri & Groff, 2013; Jamet, 2014; Ozcelik, Arslan-Ari & Cagiltay, 2010). 
Participants in cueing group focused on highlighted words more than non-cueing group. In other 
words, signalling principle directed the attention of participants to relevant words more (Moreno, 
2007).  
The aim of this study is to investigate effects of signaling principle by using test scores 
of participants and eye movement data such as fixation duration, fixation counts and time to first 
fixation. It is important to show similarities between eye movement data and test results because 
eye movement data can provide information about cognitive load of participants according to 
their performances on tests. However, there are different point of views about relationship 
between cognitive load and eye movement data namely fixation duration and fixation counts in 
the literature. The current study follows the idea, that is, lower cognitive load results in lower 
fixation duration and fixation counts (Hyönä, 2010). Time to first fixation parameter is another 
way to provide information about cognitive load by presenting time for catching relevant 
information (Hyönä, 2010). In addition, eye movement data can present quantitative data besides 
test scores. In previous learning studies, qualitative techniques such as interviews and think aloud 
providing information about cognitive processes of participants by depending on their discourses 
were preferred by different researchers (Ariasi & Mason, 2011; Soruç, 2015). 
 
Hypothesis on the effect of signaling principle in multimedia design  
In the current study, three main hypotheses were set: 
H1: Signaling by highlighting the key words of the subject in multimedia material results in higher 
test scores for experimental group than control group. 
H2: The time spent for catching relevant information is lower for experimental group than control 
group. 
H3: Experimental group’ fixation duration and fixation counts are lower than control group during 
task, but higher than control group on relevant information. 
 
Method 
This experimental study included 34 pre-service ICT teachers who were assigned randomly to the 
experimental and control groups. The experimental group received MS Power Point presentation 
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consisting of highlighted clues or words, while the control group received MS Power Point 
presentation with non-highlighted words. Independent variable of the study was studying with 
Power Point presentation, while dependent variable was the test results that included pre-test, 
post-test, retention test results, and eye tracking data such as fixation duration, fixation counts and 
time to first fixation.  
Participants studied the subject, network typologies, using two kinds of MS Power Point 
presentations. After determining the target group, participants were asked to sign inform consent 
form to show their willingness for the current study. Three weeks before the study started, 
participants were given a pre-test related to the topic to determine whether or not they had prior 
knowledge about the subject. After studying the subject with a presentation based material 
consisting of highlighted and non-highlighted words, students were given a post-test. During the 
study, participants’ eye movement data were recorded via embedded eye tracking device (Tobii 
1750) and analyzed via Tobii Studio, the software of the related eye tracker device. After three 
weeks from the actual study, a retention test was applied to determine their maintained knowledge 
about the subject studied. 
 
Participants 
Participants were 34 pre-service teachers (male: 21; female: 13) who studied instructional 
technology in a large public university. The preservice teachers (16 freshmen, 7 sophomores, and 
11 junior) were selected from the ones who did not take the “Computer Networks and 
Communications” course, to be sure that participants did not have any prior knowledge about the 
selected subject. In addition, pre-test was applied to be sure that participants had similar 
knowledge about the selected subject. These students were divided into the experimental and 
control groups randomly (group 1: 11 male, 6 female, group 2: 10 male, 7 female). The first group 
students studied the material consisting of text element with highlighted words, the other group 
studied the material consisting of text element with no highlighted words. 
 
Task and material 
The designed presentation took two forms. In the first one, the material was prepared by using the 
text including highlighted words (See right side of the Slides 1, 2, 3, 4, 5, and 6 in Figure 1). In 
the second presentation, the material was prepared by using the same text with no highlighted 
words (See left side of the Slides 1, 2, 3, 4, 5, and 6 in Figure 1). The content of the materials was 
adopted from the course “Computer Network and Communications”. The content was examined 
by three subject matter experts who were the instructor and the teaching assistants of the course 
to ensure that the content presented in the material covered correct and enough information about 
the selected topic. Each presentation used in the study consisted of eight slides. The main subject 
was “topology of networks”, and three of the topologies were selected to cover the multimedia 
material according to the recommendations of the experts. At the beginning part of the 
presentation, two slides were provided for the title and definition of the main subject. While 
covering this topic, three subtopics, namely star (See Slides 1 and 2), bus-line (See Slides 3 and 
4) and ring topologies (See Slides 5 and 6) were provided with two slides for each. The first slides 
of subtopics explained the typology (See Slides 1, 3, and 5) and the second ones provided detailed 
information about the advantages and disadvantages of topology types (See Slides 2, 4, and 6). 
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   Slide 1. Star Topology 1 
   Slide 2. Star Topology 2 
   Slide 3. Bus-line Topology 1 
   Slide 4. Bus-line Topology 2 
   Slide 5. Ring Topology 1 
   Slide 6. Ring Topology 2 
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Figure 1. Multimedia Material Slides 
Apparatus 
In order to collect data regarding participants’ eye movement, Tobii 1750 Eye Tracker device was 
used. This device tracks participants’ eye movements and provides data about where the 
participants look, and how long and how many times they look at which location using the 
reflector and the infrared detector camera. The data rate of Tobii 1750 Eye Tracker device for 
tracking is 50 Hertz. It provides screen recording and eye movement recording of users.  
 
Data collection instruments 
The data sources included pre-test, post-test, retention test and eye tracking data such as fixation 
duration, fixation counts and time to first fixation. These instruments were applied before, during 
and after the study. Figure 2 illustrates the procedure of the study. 
 
  
Figure 2. Procedure of the Study 
 
First, a test (used as a pre, post, and retention test) consisting of the same five multiple 
choice questions was prepared in parallel to the highlighted clues provided in the material. The 
instructor and the teaching assistants of the “Computer Networks and Communication” course 
checked these materials in terms of their appropriateness for the level of selected participants. 
After making revisions in the direction of suggestions, the test was piloted with three students 
who did not participate to the study to make necessary adjustments regarding the clarity of the 
questions. Then, the participants took the pre-rest three weeks before studying the multimedia 
material. Pre-test was distributed as hardcopy after asking students’ voluntary participation to the 
study. In addition to the multiple-choice questions, some demographic information such as 
gender, grade level was also gathered. 
Second, two different eye tracking tasks were prepared. In each task, there was an MS 
Power Point presentation (material) and the post-test. The material for the experimental group 
consisting highlighted words and material for the control group consisting non-highlighted words 
were used. In both tasks, the same post-test was applied to the participants. After studying the 
multimedia material, the post-test embedded into the studied material, was implemented. 
Participants’ answers were drawn or recorded to MS Excel automatically. During the whole eye 
tracking tasks- studying material and answering post-test, participants’ eye movement data (e.g., 
fixation duration, fixation counts and time to first fixation) were recorded (See Figure 3). The aim 
was to determine where they focused more with the calculation of fixation counts, how much time 
they spent with the measure of fixation duration, and when they caught the relevant information 
with the calculation of time to first fixation. During the eye tracking tasks, students had a control 
over the tasks without the limitation of a specific time frame. They used their own time, they 
passed slides and answered questions whenever they felt ready and progressed in their own pace. 
Finally, participants completed the retention test three weeks after the eye tracking tasks 
to check how experimental and control groups retained their knowledge they learned while 









Eye Tracking Task 
Eye Movement Records 
(Fixation Duration, Fixation 
Counts, Time to First 
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   Figure 3. Eye Tracking in Session 
 
Data analysis  
Students’ pre-test, post-test, and retention tests answers were scored by two of the researchers. 
Students’ test scores ranged from 0 to 5 points. An independent sample t-test was conducted to 
determine whether or not the experimental and control groups differed in terms of their pre-test 
test results. Groups’ post-test and retention test results were analyzed through mixed ANOVA 
(two-way repeated measures ANOVA). Eye movement parameters such as fixation duration, 
fixation counts and time to first fixation were gathered via the eye tracking device. The eye 
tracking software automatically provided statistical data according to the selected parameters. 
Before calculating these parameters, area of interests (AOI) were determined for each highlighted 
word and screens separately. Then, students’ fixation duration and fixation counts both during 
task and on relevant information, and time to first fixation on relevant information were drawn 
from the eye tracking software. Independent samples t-tests were conducted for each of these 
parameters to determine if there was any difference between groups.  
 
Validity and reliability 
Several measures were followed to enhance the content validity. First, instructional materials and 
the test contents were examined by three different subject matter experts to make sure that 
appropriate and correct information for the selected “Network Topologies” topic was included. 
Second, the instructional materials, pre-test and post-test were piloted with three pre-service ICT 
teachers to provide clear and easily understandable content and questions. Then, students’ 
interpretations about unclear parts were revealed and revised. Third, students’ pre-test and 
retention tests which were conducted as paper pencil test were scored by researchers. Finally, 
different data sources such as test results and eye movement data were used to triangulate and 
validate the data. 
 
Results  
Independent samples t-test and ANOVA results for pre-test, post-test, retention test, and eye 
movement data such as fixation duration and fixation counts on during task and on relevant 
information and time to first fixation for relevant information were combined and presented below 
to promote each other. 
 
H1: Signaling by highlighting the key words of the subject will result in higher test scores for 
experimental group than control group. 
To identify participants’ prior levels, their pre-test results were compared. The independent test 
results showed that there was no significant difference between the experimental (signaling) 
group (M = 1.53, SD = .87) and control (non-signaling) group (M = 1.65, SD = 1.37). Both 
experimental and control groups had similar prior knowledge for the selected topic before the 
study.  
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A two-way repeated measures ANOVA was conducted to compare the effects of signaling 
principle on post-test and retention test scores of both experimental and control groups. The 
results indicated that the experimental group’s post-test (M = 3.89, SD = .93) scores were higher 
than the control group’s post-test (M = 3.65, SD = 1.46) scores.  In addition, the results indicated 
that the experimental group’s retention test (M = 2.88, SD = 1.22) scores were higher than the 
control group’s retention test (M = 2.65, SD = 1.54) scores. Results showed no significant 
interaction between post-test and retention test scores of experimental and control groups, F(1,32) 
= 0, p > .05, partial ² = 0. There was a significant main effect for test types, F (1, 32) = 18.76, p 
< .05, partial ² = .37. The post-test scores (M = 3.76, SD = 1.21) were higher than retention test 
scores (M = 2.76, SD = 1.37). According to the results, experimental group had higher scores in 
both post-test and retention test than control group. In sum, there was no significant difference 
between groups’ performances on post-test and retention test, but experimental group had higher 
mean scores for both tests than control group. 
 
H2: The time spent for catching relevant information is lower for experimental group than 
control group. 
To examine how signaled words directed students’ attentions, time to first fixation of students on 
relevant information was analyzed. Time to first fixation referred to time to catch highlighted 
word. An independent samples t-test was conducted to determine whether signaling group and 
non-signaling group differed in terms of their time to first fixation on relevant information. The 
independent test results showed that there was no significant difference between the experimental 
group (M = 8.23, SD = 1.77) and control group (M = 8.97, SD = 1.99). Experimental group spent 
less time to catch highlighted words than control group. In other words, signaling by highlighting 
directed students’ attention to relevant information. 
 
Table 1.  
The Results of t-test to Compare Groups’ Time to First Fixation 
Groups n M SD 
Signaling group 17 8.23 1.77 
Non-signaling group 17 8.97 1.99 
 
H3: Experimental group’ fixation duration and fixation counts are lower than control group 
during task, but higher than control group on relevant information. 
To determine cognitive load during task, both experimental and control groups’ fixation duration 
and fixation counts were used. An independent samples t-test was conducted to determine whether 
experimental group and control group differed in terms of their fixation duration (secs) during 
task. The independent test results showed that there was no significant difference between the 
experimental group (M = 79.92, SD = 19.02.) and control group (M = 87.68, SD = 29.03). 
Moreover, an independent samples t-test was conducted to determine whether experimental and 
control group differed in terms of their fixation counts during the task. The independent test 
results showed that there was no significant difference between the experimental group (M = 
392.65, SD = 60.98) and control group (M = 420.29, SD = 25.90). In both independent samples t-
tests, total fixation duration and fixation counts of students in control group were higher than 
experimental group. Students spent more effort to conduct the task and their cognitive load was 
higher than the experimental group. 
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Table 2.  
Groups’ Fixation Durations and Fixation Counts during the Task 
Parameters Groups M SD 
Fixation duration Signaling group 79.92 19.02 
 Non-signaling group 87.68 29.03 
Fixation counts Signaling group  392.65 60.98 
 Non-signaling group 420.29 25.90 
 
In addition to cognitive load during task, cognitive effort on relevant information was 
also investigated by fixation duration and count on highlighted words. Students’ cognitive effort 
on highlighted words needed to be lower according to signaling principle. An independent 
samples t-test was conducted to determine whether signaling group and non-signaling group 
differed in terms of their fixation duration (secs) on relevant information. The independent test 
results showed that there was no significant difference between the experimental group (M = 
12.29, SD = 3.77) and control group (M = 12.10, SD = 3.82). Moreover, an independent samples 
t-test was conducted to determine whether signaling group and non-signaling group differed in 
terms of their fixation counts (secs) on relevant information. The independent test results showed 
that there was no significant difference between the experimental group (M = 59.18, SD = 12.46.) 
and control group (M = 58.30, SD = 15.44). Although there was no significant difference between 
groups, fixation duration and fixation counts of students in control group were higher than 
students in experimental group on relevant information. Students in control group spent more 
effort to cover the highlighted words. 
 
Table 3.  
Groups’ Fixation Durations and Fixation Counts on Relevant Information 
Parameters Groups M SD 
Fixation duration Signaling group 12.29 3.77 
 Non-signaling group 12.10 3.82 
Fixation counts Signaling group  59.18 12.46 
 Non-signaling group 58.30 15.44 
 
In sum, independent samples t-tests results showed no significant difference for eye 
movement data namely, fixation duration and fixation counts (both during task and on relevant 
information) and time to first fixation (on relevant information) of groups. Students in control 
group spent more effort to complete the task than students in experimental group in terms of their 
fixation duration and fixation counts. Although the difference was not significant, students in 
experimental group captured the relevant or signaled information more quickly than control group 
by considering their time to first fixation. Parallel to this, they spent less effort to cover highlighted 
(relevant) words by considering their fixation duration and fixation counts on relevant words. 
 
Discussion 
This study investigated the effects of signaling principle on learning of students by supporting the 
test results with the eye movement data of participants via eye tracking technique. There were 
three hypotheses: (1) signaling by highlighting the key words of the subject provides higher test 
scores for experimental group than control group, (2) the time spent for catching relevant 
information is lower for experimental group than control group, and (3) experimental group’ 
fixation duration and fixation counts are lower than control group during task, but higher than 
control group on relevant information. The results were similar to the previous literature showing 
lower fixation duration and fixation counts in the experimental group during task (van Gog et al., 
2009; Amadieu et al., 2009), but higher fixation duration and fixation counts on relevant 
information (Ozcelik, Arslan-Ari, & Cagiltay, 2010; Boucheix et al., 2013; Jamet, 2014). 
How Signaling Principle Affects Learning: An Eye Tracking Study 
709 
However, similar to the results of Boucheix et al. (2013) and Ozcelik et al. (2010), there was no 
significant difference between groups in terms of these parameters. In parallel, there was no 
significant difference between the experimental and control groups’ post-test and retention test 
scores but the experimental group’ scores were higher than the control group (Jamet, 2014; 
Ozcelik et al., 2010). Higher fixation duration on relevant information may result in higher test 
scores or better performances. Thus, the results of the current study were consistent with the 
studies arguing that there was a relationship between total fixation duration on relevant 
information and performances of test scores (Amadieu et al., 2011, 2009; Boucheix et al., 2013; 
Hannus & Hyönä, 1999; Jamet, 2014; Ozcelik et al., 2010; van Gog et al., 2005). In addition to 
these, results showed that time to first fixation of experimental group were lower than control 
group. Signaling by highlighting directed students’ attention to the relevant information. In other 
words, student in experimental group spent less time to catch relevant information in the text. 
This finding is in line with Ozcelik, Karakus, Kursun and Cagiltay's (2009) study on investigating 
the effect of color coding on multimedia materials by using eye movement data. This study 
indicated that first fixation time is lower for the color-coded material. As a result, eye movement 
data of the current study were parallel to achievement scores and all of the data support each other.  
One of the reasons why there was no significant difference in student outcomes could be 
related with the target group and selected topic. Selected participants were familiar with design 
issues and multimedia learning principles because of their background. This could result in having 
low tendency to being affected by the selected principle, signaling. Although the selected topic 
was taken from one of the courses they did not take yet, there might be small possibility that they 
could carry out ideas about the questions. In other words, these students could have more tendency 
to answer questions intuitively because of their background (Sabella, Cochran, Marx, Franklin & 
Cummings, 2004).  
In the literature, there were different points of views about interpreting fixation duration 
and fixation counts terms. One of them argued that signaling principle decreases the effort used 
in studying the multimedia material in parallel to fixation duration and fixation counts (Boucheix 
et al., 2013; Jamet, 2014). The other view supported that signalling principle directs the attention 
of participants to relevant words more and increases the fixation duration and fixation counts 
(Moreno, 2007). Although the findings of the current study were parallel with the latter one, it 
was hard to say which one is more acceptable or consistent. However, time to first fixation can 
be more acceptable parameter to be considered (Hyönä, 2010). In the current study, time to first 
fixation, the passing time for catching highlighted clue, was lower in experimental group than 
control group. It indicated that highlighting guided the experimental group to catch the important 
points faster than control group (Lai et al., 2013). It can be said that signalling directed students’ 
attention to the highlighted words and helped to catch more quickly than the control group. 
 
Conclusions and Future Directions 
Current study is about investigating the effect of signaling principle on multimedia learning with 
the help of eye movement data. The results of this study supported the idea that eye movement 
data such as fixation counts, fixation duration and time to first fixation can help to figure out 
students’ cognitive load. Eye movement measures can provide quantitative data about cognitive 
processes of the participants as a complementary procedure to the interview and think aloud 
methods.  Findings from eye movement data can support the findings from achievement test 
scores, namely post-test and retention test. In other words, both results from achievement scores 
and eye movement data can be combined to interpret the results regarding the effects of signaling 
principle on learning. Therefore, this study concludes that eye tracking results provide supportive 
evidence for achievement scores of students to explain the significant contribution of signaling 
principle to multimedia learning. 
Current study was limited with the students of ICTs and they were from different grade 
levels. Having participants from another field who were not familiar with design issues and 
multimedia learning principles could result in significant difference between groups. 
Furthermore, selecting target group from first grade level from the ICT field might also change 
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the results since they are new in the field or the department. Moreover, the study was limited with 
the specified subject “Network Topologies”. This might be a handicap for this study because 
students could have interest for the selected subject since it was offered in their department and 
field. Selecting different topic which was not relevant with their background and department 
could change the results of the study. Future studies can be conducted with different target groups 
or different topics which are not related to the participants’ academic interests. 
 
References 
Amadieu, F., Mariné, C., & Laimay, C. (2011). The attention-guiding effect and cognitive load 
in the comprehension of animations. Computers in Human Behavior, 27(1), 36-40. 
https://doi.org/10.1016/j.chb.2010.05.009 
Amadieu, F., van Gog, T., Paas, F., Tricot, A., & Mariné, C. (2009). Effects of prior knowledge 
and concept-map structure on disorientation, cognitive load, and learning. Learning and 
Instruction, 19(5), 376–386. https://doi.org/10.1016/j.learninstruc.2009.02.005 
Anglin, G. J., Vaez, H., & Cunningham, K. L. (2004). Visual representations and learning: The 
role of static and animated graphics. Handbook of Research on Educational 
Communications and Technology, 2, 865-916. 
Ariasi, N., & Mason, L. (2011). Uncovering the effect of text structure in learning from a science 
text: An eye-tracking study. Instructional Science, 39(5), 581-601. 
https://doi.org/10.1007/s11251-010-9142-5 
Boucheix, J. M., Lowe, R. K., Putri, D. K., & Groff, J. (2013). Cueing animations: Dynamic 
signaling aids information extraction and comprehension. Learning and Instruction, 25, 71-
84. https://doi.org/10.1016/j.learninstruc.2012.11.005 
Doolittle, P. E., & Altstaedter, L. L. (2009). The effect of working memory capacity on 
multimedia learning: Does attentional control result in improved performance. Journal of 
Research in Innovative Teaching, 2(1), 7-25. 
Fletcher, J. D., & Tobias, S. (2005). The multimedia principle. In Cambridge Handbook of 
multimedia learning. 
Hannus, M., & Hyönä, J. (1999). Utilization of Illustrations during Learning of Science Textbook 
Passages among Low- and High-Ability Children. Contemporary Educational Psychology, 
24(2), 95-123. https://doi.org/10.1006/ceps.1998.0987 
Henderson, J. M., Brockmole, J. R., Castelhano, M. S., & Mack, M. (2007). Visual saliency does 
not account for eye movements during visual search in real-world scenes. In Eye Movements 
(pp. 537-562). https://doi.org/10.1016/B978-008044980-7/50027-6 
Hyönä, J. (2010). The use of eye movements in the study of multimedia learning. Learning and 
Instruction, 20(2), 172-176. https://doi.org/10.1016/j.learninstruc.2009.02.013 
Jamet, E. (2014). An eye-tracking study of cueing effects in multimedia learning. Computers in 
Human Behavior, 32, 47-53. https://doi.org/10.1016/j.chb.2013.11.013 
Jeung, H., Chandler, P., & Sweller, J. (1997). The Role of Visual Indicators in Dual Sensory 
Mode Instruction. Educational Psychology, 17(3), 329-345. https://doi.org/10.1080 
/0144341970170307 
Lai, M. L., Tsai, M. J., Yang, F. Y., Hsu, C. Y., Liu, T. C., Lee, S. W. Y., … Tsai, C. C. (2013). 
A review of using eye-tracking technology in exploring learning from 2000 to 2012. 
Educational Research Review. https://doi.org/10.1016/j.edurev.2013.10.001 
Mautone, P. D., & Mayer, R. E. (2001). Signaling as a cognitive guide in multimedia learning. 
Journal of Educational Psychology, 93(2), 377-389. https://doi.org/10.1037/0022-
0663.93.2.377 
Mayer, R. E. (1997). Multimedia learning: Are we asking the right questions? Educational 
Psychologist, 32(1), 1-19. https://doi.org/10.1207/s15326985ep3201 
Mayer, R. E. (2005a). Cognitive Theory of Multimedia Learning. The Cambridge Handbook of 
Multimedia Learning, 31-48. https://doi.org/10.1207/s15326985ep4102_2 
Mayer, R. E. (2005b). Introduction to multimedia learning. In Cambridge handbook of 
multimedia learning (pp. 1-16). https://doi.org/10.1075/idj.16.1.13pel 
How Signaling Principle Affects Learning: An Eye Tracking Study 
711 
Mayer, R. E. (2008). Applying the science of learning: evidence-based principles for the design 
of multimedia instruction. The American Psychologist, 63(8), 760-769. 
https://doi.org/10.1037/0003-066X.63.8.760 
Mayer, R. E. (2013). Research--Based Principles for Designing Multimedia Instruction Overview 
of Multimedia Instruction. Acknowledgement and Dedication, 1-12. Retrieved from 
http://hilt.harvard.edu/files/hilt/files/background_reading.pdf 
Mayer, R. E., & Moreno, R. (2008). A cognitive theory of multimedia learning: Implications for 
design principles. Science And Technology, 23(1), 1-14. 
https://doi.org/10.1177/1463499606066892 
Moreno, R. (2007). Optimising learning from animations by minimising cognitive load: Cognitive 
and affective consequences of signalling and segmentation methods. Applied Cognitive 
Psychology, 21(6), 765-781. https://doi.org/10.1002/acp.1348 
Mousavi, S. Y., Low, R., & Sweller, J. (1995). Reducing Cognitive Load by Mixing Auditory and 
Visual Presentation Modes. Journal of Educational Psychology, 87(2), 319-334. 
https://doi.org/10.1037/0022-0663.87.2.319 
Owens, P., & Sweller, J. (2008). Cognitive load theory and music instruction. Educational 
Psychology, 28(1), 29-45. https://doi.org/10.1080/01443410701369146 
Ozcelik, E., Arslan-Ari, I., & Cagiltay, K. (2010). Why does signaling enhance multimedia 
learning? Evidence from eye movements. Computers in Human Behavior, 26(1), 110-117. 
https://doi.org/10.1016/j.chb.2009.09.001 
Ozcelik, E., Karakus, T., Kursun, E., & Cagiltay, K. (2009). An eye-tracking study of how color 
coding affects multimedia learning. Computers & Education, 53(2), 445-453. 
Paas, F., Tuovinen, J., Tabbers, H., & Van Gerven, P. W. M. (2010). Cognitive Load 
Measurement as a Means to Advance Cognitive Load Theory. Educational Psychologist, 
1520(38), 43–52. https://doi.org/10.1207/S15326985EP3801 
Raney, G. E., Campbell, S. J., & Bovee, J. C. (2014). Using eye movements to evaluate the 
cognitive processes involved in text comprehension. Journal of Visualized Experiments : 
JoVE, (83), e50780. https://doi.org/10.3791/50780 
Sabella, M. S., Cochran, G. L., Marx, J., Franklin, S., & Cummings, K. (2004). Evidence of 
intuitive and formal knowledge in student responses: examples from the context of 
dynamics. In AIP Conference Proceedings (Vol. 720, pp. 89-92). 
Scheiter, K., & Eitel, A. (2010). The effects of signals on learning from text and diagrams: How 
looking at diagrams earlier and more frequently improves understanding. In Lecture Notes 
in Computer Science (including subseries Lecture Notes in Artificial Intelligence and 
Lecture Notes in Bioinformatics) (Vol. 6170 LNAI, pp. 264-270). https://doi.org/ 
10.1007/978-3-642-14600-8_26 
Sorden, S. D. (2012). The cognitive theory of multimedia learning. In Handbook of Educational 
Theories (pp. 1-31). 
Soruç, A. (2015). What Makes Redundant Presentation of Multimedia Learning Difficult? 
Procedia-Social and Behavioral Sciences, 191, 2844-2848. 
Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive Load Theory. Cognitive Load Theory, 1, 
57–69. https://doi.org/10.1007/978-1-4419-8126-4 
Techaraungrong, P., Suksakulchai, S., Kaewprapan, W., & Murphy, E. (2017). The design and 
testing of multimedia for teaching arithmetic to deaf learners. Education and Information 
Technologies, 22(1), 215-237. 
van Gog, T., Kester, L., Nievelstein, F., Giesbers, B., & Paas, F. (2009). Uncovering cognitive 
processes: Different techniques that can contribute to cognitive load research and 
instruction. Computers in Human Behavior, 25(2), 325-331. https://doi.org 
/10.1016/j.chb.2008.12.021 
van Gog, T., Paas, F., & Van Merriënboer, J. J. G. (2005). Uncovering expertise-related 
differences in troubleshooting performance: Combining eye movement and concurrent 
verbal protocol data. Applied Cognitive Psychology, 19(2), 205-221. https://doi.org 
/10.1002/acp.1112 
Dönmez, Doğan ve Baran 
712 
van Gog, T., & Scheiter, K. (2010). Eye tracking as a tool to study and enhance multimedia 
learning. Learning and Instruction, 20(2), 95-99. https://doi.org/10.1016/j.learninstruc. 
2009.02.009 






Teknolojinin gelişmesiyle, basılı kitaplar gibi geleneksel öğrenme materyalleri yerini resimler, 
animasyonlar, videolar ve sesler gibi farklı ögeler ile zenginleştirilmiş çoklu ortam öğrenme 
materyallerine bırakmaya başlamıştır. Bilgi ve İletişim Teknolojileri (BİT) alanındaki gelişmeler 
ışığında geleneksel öğretim materyallerini yerini grafikler, videolar, animasyonlar, fotoğraflar ve 
illüstrasyonlar gibi görsel öğeleri içeren materyaller almaya başlamıştır. Ayrıca yapılan 
araştırmalar sonucunda görsel öğeler içeren metinleri okuyanların yalnızca metin üzerinde 
çalışanlara kıyasla daha iyi performans gösterdiklerini ortaya koymuştur. Fakat öğrenme 
etkinliğini en üst düzeye çıkarmanın yollarını sağlamak için kelimeleri ve resimlerin nasıl 
kullanacağını da anlamak çok önemlidir. Burada, tutarlılık, gereksizlik, konumsal yakınlık, 
zamansal yakınlık ve sinyal ilkesi gibi çoklu ortam öğrenme ilkeleri ortaya çıkmaktadır. Bütün 
bu ilkeler, çoklu ortam tasarımı sırasındaki gereksiz işlemleri azaltmak için önemlidir. Ayrıca, 
öğrenme esnasında oluşan ve oluşabilecek bilişsel yük düşünüldüğünde, bir multimedya öğrenme 
materyalinde ögelerin tasarımı ve organizasyonu büyük önem arz etmektedir. Multimedya 
öğrenme ortamlarındaki bilişsel süreçleri açıklamak için yapılan çalışmalarda çoğunlukla 
mülakatlar ve sesli düşünme prosedürleri gibi geleneksel yöntemler kullanılmıştır. Ancak bu nitel 
verileri desteklemek için kullanılabilecek nicel veriler başarı test skorlarıyla sınırlıdır. Son 
zamanlarda ise göz izleme yöntemi, bilişsel süreçler hakkında bilgi sağlamak için kullanılmaya 
başlanmıştır. Görüşmeler ve sesli düşünme tekniklerinden elde edilen nitel verilere ek olarak, göz 
izleme ile elde edilen (sabitleme süresi, sabitleme sayısı ve ilk sabitleme süresi) nicel verileri de 
çalışmalarda kullanılması önem arz etmektedir.  Göz izleme verileri aynı zamanda bilişsel 
süreçleri anlamaya yönelik objektif sonuçlar sunabilmesi açısından da büyük bir önem 
taşımaktadır. Bu çalışmanın amacı, ön test, son test ve hatırlama test sonuçlarının, göz izleme 
yönteminden elde edilen sabitleme süresi, sabitleme sayısı ve ilk sabitleme süresi gibi nicel 
verilerle desteklenerek sinyal ilkesinin öğrencilerin öğrenmeleri üzerindeki etkisini incelemektir. 
Göz izleme yönteminden elde edilen veriler katılımcıların nereye baktıkları, ne kadar süreyle 
baktıkları ve istenen noktaya ilk defa bakana kadar ne kadar süre geçtiği hakkında objektif bilgiler 
sunmaktadır. Burada amaç, sinyal ilkesinin katılımcıların verilmek istenen konunun önemli 




Bu çalışmada deneysel desen kullanılmıştır. Katılımcılar 34 Bilgisayar ve Öğretim Teknolojileri 
Eğitimi (BÖTE) bölümü öğretmen adayından oluşmaktadır. Katılımcılar deney ve kontrol grubu 
olarak rasgele iki gruba atanmışlardır. Deney grubuna katılan öğrencilere önemli noktalar 
üzerinde vurgulamalar yapılarak sinyal ilkesi uygulanmış MS Power Point sunuları gösterilirken 
kontrol grubuna aynı sunuların üzerinde vurgulamalar yapılmamış hali gösterilmiştir. Bu 
deneysel çalışmada bağımsız değişken sunu türleriyken, bağımlı değişken ön test, son test ve 
tutma test sonuçları ve göz izleme yönteminden elde edilen sabitleme süresi, sabitleme sayısı ve 
ilk sabitleme süreleridir. Çalışmada veri toplamak amacıyla, ön test, son test, hatırlama testi ve 
göz izleme yöntemi kullanılmıştır.  
 
Bulgular 
Sonuçlar, verilen görevin gerçekleştirilmesi esnasında deney grubundan elde edilen sabitleme 
süresi ve sabitleme sayılarının, kontrol grubundan düşük olduğu göstermektedir. Ancak, önemli 
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noktalar içeren bilgiler üzerindeki sabitleme süresi ve sabitleme sayıları incelendiğinde deney 
grubundaki katılımcıların kontrol grubuna göre daha yüksek değerlere sahip oldukları 
görülmektedir. Fakat uygulanan analizler sonucunda bu göz verileri (sabitleme süresi ve 
sabitleme sayıları) açısından deney ve kontrol grubu arasında anlamlı bir fark bulunamamıştır. 
Ayrıca, uygulanan analizler sonucunda deney ve kontrol gruplarının son test ve hatırlama test 
puanları arasında da anlamlı bir fark bulunamamıştır. Ancak, testler sırasında elde ettikleri 
puanlara bakıldığında deney grubunun test puanları kontrol grubunun puanlarına göre daha 
yüksektir. Dahası sonuçlar göstermiştir ki, konu ile ilgili önemli bilgiler üzerindeki sabitleme 
süresinin daha uzun olması daha yüksek test puanları veya daha iyi performanslar elde edilmesine 
imkan sağlayabilmektedir. Bunlara ek olarak, deney grubunun önemli bilgiler üzerindeki ilk 
sabitleme süresi kontrol grubuna göre daha az bulunmuştur. Bu, katılımcıların konu ile ilgili 
(vurgulanan) önemli kelimeleri daha çabuk yakaladıkları anlamına gelmektedir. Diğer bir deyişle, 
ilgili sözcüklerin vurgulanması öğrencilerin dikkatini ilgili sözcüğe yönlendirmiştir. Grupların 
test sonuçları arasında anlamlı bir fark bulunmasa da, göz hareketi izleme yöntemi ile elde edilen 
verilerinin (sabitleme süresi, sabitleme sayıları ve ilk sabitleme süresi) sonuçları test sonuçlarıyla 
paralellik göstermiştir. 
 
Tartışma ve Sonuç 
Sonuçlar, grupların son test ve hatırlama testi puanları ile sabitleme süresi, sabitleme sayıları (hem 
görev sırasında hem de konu ile ilgili önemli bilgiler üzerinde) ve konu ile ilgili önemli bilgiler 
üzerindeki ilk sabitlemeye kadar geçen süre verileri arasında anlamlı bir fark göstermemiştir. Elde 
edilen analiz verileri sonucunda anlamlı bir fark bulunmamasının nedeni, hedef grup ve seçilen 
konu ile ilişkili olması muhtemeldir. Seçilen katılımcılar akademik alanlarından dolayı 
multimedya öğrenme prensiplerine aşina olmaları da anlamlı bir farklılık bulunamamasının 
sebebi olabilir ve bu durum katılımcıların sinyal ilkesinden etkilenme eğiliminin düşmüş 
olmasına yol açmış olabilir. Ayrıca, bu çalışmada verilen sunular için seçilen konu "Ağ 
Topolojileri" ile sınırlıdır. Seçilen konu katılımcıların henüz almadıkları derslerden biri olmasına 
rağmen, öğrencilerin sunular sonrasında uygulanan başarı testlerindeki sorularla ilgili fikir 
yürütme ihtimalleri yüksek olabilir. Başka bir deyişle, bu öğrenciler akademik alanlarından dolayı 
bilmedikleri soruları sezgisel olarak cevaplamış olabilirler. Bu nedenle, benzer bir çalışma 
multimedya öğrenme prensiplerine aşina olmayan farklı bir katılımcı grubuyla gerçekleştirilirse, 
anlamlı sonuçlar elde edilmesi mümkün olabilir. Gelecekte farklı hedef gruplarla ve katılımcıların 
akademik alanlarıyla ilgili olmayan farklı konularda çalışmalar yürütülebilir. Ayrıca, gelecekte 
yapılacak araştırmalarda göz izleme verilerinin diğer ölçme araçları ile birleştirilmesi bilişsel 
süreçler ve çoklu ortam öğrenme ilkeleri hakkında daha kapsamlı bilgiler elde edilmesini 
sağlayabilir. 
